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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Geo-synthetics 
Sectional Committee had been approved by the Textile Division Council. 

The composition of the Committee responsible for the formulation of this standard is given in Annex H. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1 960 
'Rules for rounding off numerical values (revised)' . The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



IS 15909 : 2010 



Indian Standard 

PVC GEO-MEMBRANES FOR 
LINING — SPECIFICATION 



1 SCOPE 

1.1 This standard covers PVC geo-membrane (flexible 
polyvinyl chloride) lining, 0.30 mm, 0.50 mm, 
0.75 mm, 1.00 mm and 1.50 mm in thickness, for use 
in canal, pond and reservoir lining to control seepage 
and for proper disposal of industrial effluents, solid 
waste management, etc. The material is also suitable 
for lining of roof/terrace. 

1.2 The test used to characterize the PVC geo- 
membrane, are intended to ensure good workmanship 
and quality and are not necessarily adequate for design 
purposes in view of the importance of environmental 
factors and specific performance objectives. Tests have 
been selected primarily with essentially natural 
aqueous system in mind. Other tests may be necessary 
to establish chemical resistance and durability under 
the condition of particular application. 

2 REFERENCES 

The standards listed below contain provisions which 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision, and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 

IS No. Title 

2076 : 1981 Specification for unsupported 

flexible polyvinyl chloride sheeting 
(first revision) 

3464 : 1986 Methods of test for plastic flooring 

and wall tiles {second revision) 

4905 : 1968 Methods for random sampling 

13162 (Part 2) : Geo-textiles — Methods of test: 
199 1 Part 2 Determination of resistance to 

exposure of ultraviolet light and 
water (Xenon-arc type apparatus) 

3 MATERIAL AND MANUFACTURE 

3.1 The PVC geo-membrane shall be suitably 
manufactured from vinyl chloride resin homo polymer 
Water soluble compounding ingredient shall not be 
used. Plasticizers that are resistant to migration and 
bacterial growth shall be used. The PVC geo-membrane 
shall be pigmented to produce a uniform colour. 



3.2 In case two or more layers of PVC films are used, 
these shall be joined together by a suitable heat fusion 
lamination only. The lamination shall be such that the 
finished material meets the requirements as given in 
Table 1. 

3.3 If two or more pieces of geo-membranes are used, 
the material shall be joined together by a suitable heat 
sealing process keeping an overlap of at least 2.5 cm. 

4 TYPES 

Based on the thickness of PVC geo-membrane, the 
material shall be classified as under: 

a) Type I — having thickness of 0.30 mm; 

b) Type II — having thickness of 0.50 mm; 

c) Type III — having thickness of 0.75 mm; 

d) Type IV — having thickness of 1 .00 mm; and 

e) Type y — having thickness of 1.50 mm. 

5 REQUIREMENTS 

The material shall conform to the requirements as given 
in Table 1 . 

6 DIMENSIONS AND TOLERANCES 

The dimensions of PVC geo-membrane when tested 
by the method given in 3.4 of IS 3464 shall be as agreed 
to between the buyer and the seller. A combination of 
panel width may be used to obtain desired width of 
liner. However, no panel of the PVC geo-membrane 
shall be less than 2 000 mm. 

7 COLOUR, SURFACE CHARACTERISTICS 
AND FREEDOM FROM DEFECTS 

7.1 The PVC geo-membrane shall be uniform in colour, 
texture and finish. The colour, unless specified, shall 
be black. It shall be free from pin-holes and other 
foreign particles when tested by the method prescribed 
in Annex A. The laminated film shall not peel off. 

7.2 The PVC geo-membrane shall be reasonably free 
from defects such as holes, tears or blisters. The edges 
shall be free of nicks and cuts visible to the naked 
eye. 

8 MARKING 

8.1 The PVC geo-membrane shall be supplied in roll 
form and each roll shall bear a label on which the 
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Table 1 Physical Requirement of PVC Geo-membranes 

{Clauses 3.2 and 5) 



SI 
No. 


Properties 






Requirement 






Tolerance 


Method of Test, 

Ref to Clause/ 

Annex 




Type I 


Type II 


Type III 


Type IV 


TypeV 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


i) 


Length and width 


-*^ 








"Nifc 


± 1 percent 


3.4 of IS 3464 












ii) 


Thickness, mm 


0.30 


0.50 


0.75 


1.00 


1.50 


±7.5 percent 


3.2 of IS 3464 


iii) 


Specific gravity 


^ 








"^ 


— 


A (Method A) 




























of IS 2076 


iv) 

V) 


Tensile strength, kg/cm- 


115 


130 


140 


150 


150 


Mm 
Min 


B of IS 2076 
B of IS 2076 












vi) 


Tear strength, kg/cm: 












Min 


C of IS 2076 




a) Warp 


18 


25 


30 


35 


40 


— 






b) Weft 


20 


30 


40 


45 


55 


— 




vii) 


Puncture resistance, kg 


4 


5.5 


6.5 


10 


13 


Min 


B 


viii) 


Low temperature 


Shall not 


Shall not 


Shall not 


Shall not 


Shall not 


— 


C 




crack resistance 


break, crack 


break, crack 


break, crack 


break, crack 


break, crack 










at -23°C 


at -26°C 


at -28°C 


at -30°C 


at -30°C 






ix) 


Hydrostatic resistance, 
kg/cm^ 


2.5 


4 


6 


7.5 


10 


Min 


D 


X) 


Seam strength, kg 


75 


91 


102 


115 


123 


Min 


E 


Xlj 


Volatile loss, percent 
Peel strength, kN/m (1 m-) 






1 






Max 
Min 


7 of IS 3464 


xii) 






1.05 






12 of IS 3464 


xiii) 


Resistance to soil burial 












Max 


F 




a) Tensile strength. 






5 












percent change, kg/cm 


^^ 








^^ 








b) Elognation at break 






20 












percent change 
















xiv) 


Water extraction 
(absorption), percent loss 






0.15 






Max 


G 


xv) 


Stability to ultra violet 
radiations, percent retentior 
in tensile strength 


L 




80 






Max 


IS 13162 (Part 2) 


NOTE — Requirement of peel ! 


Strength is applicable only 


when the prodi 


act manufactured is having 


two or more 


layers laminated by 


heat fusion technology to make 


a homogenous product of 


■ required dimension. 









following information shall be provided with indelible 
ink: 

a) Name and type of the material; 

b) Name and/or trade-mark of the manufacturer; 

c) Thickness and declared length and width; and 

d) Batch No. and date of manufacture. 

8.2 BIS Certification Marking 

The product may also be marked with BIS Standard 
Mark. 

8.2.1 The use of the Standard Mark is governed by the 
provisions of Bureau of Indian Standards Act, 1986 
and the Rules and Regulations made thereunder. The 
details of the conditions under which the licence for 
the use of the Standard Mark may be granted to 
manufacturers or producers may be obtained from the 
Bureau of Indian Standards. 

9 CONDITIONING OF TEST SPECIMEN 

Unless otherwise specified, all samples shall be 
conditioned at a temperature of 27 ± 2°C in air for the 



5 percent 



period of 2 h and relative humidity of 65 
for at least 60 min. 

10 SAMPLING 



10.1 Lot 

In any consignment all the geo-membrane roll of same 
and type and despatched to buyer against one despatch 
note shall constitute a lot. 

a) The number of geo-membrane rolls to be 
selected from a lot shall be in accordance with 
Table 2. The geo-membrane roll shall be 
selected at random with the use of random 
number tables {see IS 4905). 

b) The conformity of the lot to the requirements 
of this standard shall be determined on the 
basis of the tests on the samples selected from 
it. 

10.2 Criteria for Conformity 

The number of rolls selected from the lot shall be tested 
for various requirements in this standard. If the number 
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of defective rolls or those failing to satisfy any one or 
more of the requirements is less than or equal to the 
corresponding permissible number of defective rolls 
as given in col 4 of Table 2, the lot shall be considered 



as conforming to the requirement. If the number of 
defective rolls is more than the corresponding 
permissible number of defective rolls, the lot shall be 
considered as not conforming. 



Table 2 Sample Size and Criterion for Conformity for Rolls 

(Clauses 10.1 and 10.2) 



SI No. 

(1) 



No. of Rolls in the Lot 

(2) 



No. of Rolls to be Selected 

(3) 



Permissible No. of Defective Rolls 

(4) 



i) 


Up to 50 


ii) 


51-150 


iii) 


151-300 


iv) 


301 and above 



3 

5 

8 

13 



ANNEX A 
(Clause 7.1) 

PIN HOLES AND CRACKS 



A-1 Examine for pin holes and cracks by viewing the 
surface of the PVC geo-membrane held under slight 
tension. Position of bright light source behind the PVC 
geo-membrane so as to clearly illuminate the surface 
without producing a glare in the observer's eyes. A 



pinhole is defined as any opening observed in the geo- 
membrane under the condition specified above which 
is not visible when the geo-membrane is viewed 
normally in average daylight or the equivalent thereof. 



ANNEX B 
[Table I, SI No. (\n)] 

DETERMINATION OF PUNCTURE RESISTANCE 



B-1 APPARATUS 

Tensile testing machine as described in Annex B of 
IS 2076 equipped with a puncture attachment of such 
design that the specimen held securely by a ring-clamp 
mechanism 44.4 ± 0.05 mm in internal diameter with 
center of the specimen pressed against a piercing 
instrument shaped like a flared, flat-tip screwdriver, 
having a width of 7.92 ± 2.5 mm and a thickness of 
0.8 ± 0. 1 mm at the extreme tip. The piercing tip edges 
shall be rounded to a 0.25 mm radius. The piercing 
instrument shall be oriented to intercept the warp and 
fill threads of the mounted specimen at an angle of 
approximately 45 ° . The direction of motion of the ring 
clamp shall be at right angles to the initial plane of the 
specimen. 



B-2 TEST SPECIMEN 

Five circular specimens shall be cut, each having a diameter 
of at least 12.7 mm greater than the outside diameter of 
the ring clamp mechanism of the testing machine. 

B-3 PROCEDURE 

Mount each specimen, centering it in ring clamp. Allow 
the piercing device to descend at a rate of 5 ± 0.2 mm/s 
until puncture of the geo-membrane occurs. Record 
the load required to completely penetrate the specimen. 

B-4 REPORT 

The average puncture resistance of the material shall 
be the arithmetic mean of the results of five tests and 
reported, in kg. 
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ANNEX C 
[Table I, SI No. (viii)] 

LOW-TEMPERATURE CRACK RESISTANCE 



C-1 APPARATUS 



A 40 mm diameter mandrel and a low temp- 
erature chamber of maintaining a temperature of 
to -30 ± 0.5°C. 

C-2 PROCEDURE 

The test piece shall be a strip of the geo-membrane 
50 mm wide and 225 mm long. Six test pieces shall be 
tested cut at random from the sample. Each test piece 
shall be conditioned in an atmosphere given in 10 for 



at least 60 min immediately prior to testing. The 
mandrel shall be cooled to the test temperature. The 
test piece shall be bent by hand over the mandrel with 
the wearing surface outwards through an arc of 180° 
in approximately 3s. 

C-3 REPORT 

The bent portion of the test piece shall be examined in 
good lighting and under magnification of X 4, and shall 
be reported for crack, breaks or other signs of failure. 



ANNEX D 
[Table I, SI No. (ix)] 

DETERMINATION OF HYDROSTATIC RESISTANCE 



D-1 PRINCIPLE 

The hydrostatic resistance of the geo-membranes shall 
be determined by Mullen-type hydrostatic tester 
(Method A) or by Suter test that is hydrostatic pressure 
of a rising column of water (Method B). 

D-2 APPARATUS 

The testing machine shall permit the clamping of the 
material to be tested between two circular clamps about 
76 mm in diameter having coaxial apertures of their 
centre 3 1 .5 ± 0.5 mm in diameter. The surfaces of the 
clamps between which the specimen is to placed shall 
be concentrically grooved. The grooves shall be spaced 
0.8 mm apart and of a depth not less than 0.15 mm. 
The grooves shall not start closer than 3.18 mm from 
the edge of the aperture. The lower clamping surface 
shall have a recession concentric to the aperture capable 
of accepting an 0-ring having a cross-sectional 
diameter of 4.7 ±0.1 mm. 

The machine shall have means of applying hydraulic 
pressure to the underside of the clamped specimen until 
the specimen fails. The pressure shall be generated by 
means of a piston forcing water into the pressure 
chamber of the apparatus at the rate of 1 .4 ± 0. 1 cm^/s. 
The machine shall be fitted with a Bourdon gauge 
maximum-reading type, with the scale divided to read 
0.2 kg units. Accuracy shall be within 0.2 kg on 



readings from to 45 kg and to 1.0 percent on any 
reading over 45 kg. When the gauge is calibrated, it 
shall be mounted in the same relative position as on 
the bursting tester. 

NOTE — Any machine that operates on the above principle 
and maintains the specified displacement rate of 85 mm/min, 
and in addition possesses the opening in the upper clamping 
surface of 31.8 ± 0.25 mm, is a valid machine for this test. . 

D-3 TEST SPECIMENS 

The test specimen cut from the geo-membrane shall 
be of such size that the smallest dimension is at least 
12.7 mm greater than the outside diameter of the ring- 
clamp mechanism of the testing machine. 

D-4 METHOD A (MULLEN-TYPE HYDROSTATIC 
TESTER) 

Before clamping the specimen into the testing machine, 
bring the water level up flush with the top of the rubber 
gasket so that an air pocket may exist between the water 
surface and the geo-membrane being tested. The 
temperature of the water shall be the same as the 
atmospheric temperature of the testing room. Conduct 
the test in accordance with one of the following two 
procedures. 

D-4.1 Procedure 1 

Increase the pressure steadily in the chamber in which 
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a screw shall operate to force a liquid pressure medium 
at a uniform rate of 1 .64 ± 0.07 cm^/s against a rubber 
diaphragm fitted to expand through the aperture 
exerting its force against the geo-membrane set 
between the two clamps. (In the manually operated 
machine, this shall correspond to approximately 
2 revolutions/second of a hand wheel turning the 
displacement screw.) 

Take a dial reading at the first appearance of water 
through the geo-membrane being tested. Make ten 
different determinations and take the average as the 
hydrostatic resistance of the geo-membrane. Discard 
an isolated high or low result that is not repeated in 
duplicate when a consistent average has been obtained 
without the abnormal reading and substitute a re-test. 

D-4.2 Procedure 2 

Apply a specified pressure held constant within 
0.14 kg/cm^ against the test specimen for a period of 
5 min. Any appearance of water through the geo- 
membrane that can be detected during that period will 
indicate failure to meet the test. Test at least five 
specimens from any sample of material. 

NOTE — Any material that fails to give a value of at least 
0.35 kg/cm^ as measured by either procedure of testing shall 
be regarded as having too low a hydrostatic resistance to be 
measured by this test method, and the alternate Method B of 
using the hydrostatic pressure of a rising column of water shall 
be tried. 

D-4.3 Report 

Report the following information: 

a) Statement of the test method and procedure 
used; 

b) With Procedure 1, all observed and recorded 
data together with the average of the 
hydrostatic resistance, in kg; and 

c) With Procedure 2, statement of the number 
of specimens with tested, the specified 
pressure applied, and the number of 
specimens that withstood the pressure. 

D-5 METHOD B (SUTER TEST) 

D-5.1 Testing Machine 

The machine shall consist of a clamp for holding the 
specimen and a means of providing a column of water 
whose level can be raised. 

The clamp shall consist of a lower ring about 171 mm 
in outside diameter by 1 14 mm in inside diameter held 
in a fixed position and provided with a channel 9.5 mm 
in width into which a rubber gasket seats and also a 
movable upper plate which shall be about 170 mm in 



outside diameter and shall carry the rubber gasket. A 
water chamber on top of the upper plate shall have a 
water opening into the clamp and a vent pipe. A suitable 
mechanism shall be provided to close the clamp with 
the specimen of geo-membrane between the ring and 
plate. The water leveller shall be provided with a water 
inlet, water outlet, and overflow pipe. It shall be 
connected to the clamp by means of a rubber hose. 
The overflow pipe provides a means of maintaining a 
constant level of water. A suitable mechanism for 
raising the water leveller uniformly at the required rate 
and lowering it again shall be provided. A chain and 
sprocket device driven by a motor and controlled by a 
suitable disk clutch has been found satisfactory 

A steel scale for measuring the height of the water 
column shall be attached to the water leveller in such a 
way that the zero is in the same horizontal plane as the 
constant water level at all times. A reference pointer in 
fixed position at the level of the face of the lower ring 
of the clamp shall be provided for measuring the 
distance of travel of the water leveller above the face 
of the clamp. The scale shall be graduated in mm. 

A mirror shall be provided under the clamp to observe 
any leaks in the geo-membranes being tested. 

D-5.2 Test Specimens 

The test specimen of the geo-membrane shall be at 
least 203 mm^. The specimen may include a seam if 
desired since the rubber gasket provides a means of 
obtaining a tight seal in the clamp. At least five 
specimens from any sample of material shall be tested. 

D-5.3 Procedure 

Lay the specimen smoothly on the face of the lower 
ring of the clamp and fasten the upper plate in place. 
This shall form a watertight compartment. With the 
leveller at the zero position, turn the water on and keep 
it running at such a rate as to overflow continuously. 
Raise the column at a rate of 10 mm/s until the first 
drop of water appears through the geo-membrane. Read 
on the scale the height of the water column above the 
level of the specimen. 

D-5.4 Report 

Report the following information: 

a) Statement of the test method and procedure 
used and the number of specimens tested; and 

b) The height of the column of water to the 
nearest 1.6 mm at which the first drop 
appeared on the underside of each of the geo- 
membrane specimens, also the average value 
or all specimens. 
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ANNEX E 
[Table I, SI No. (x)] 

DETERMINATION OF SEAM STRENGTH 



E-1 APPARATUS 



Tensile testing machine as described in Annex B of 
IS 2076. 

E-2 PREPARATION OF TEST SAMPLES 

A test piece 25 mm wide and approximately 100 mm 
in length shall be cut at right angles to the direction of 
the weld in such a manner that seam is equidistant from 
each end of the test piece. At least three test pieces 
shall be cut from each weld. 

E-3 PROCEDURE 

Place the specimen in the jaws of the tensile testing 
machine with the seam centreed between and parallel 
to the jaws and width of the specimen at right angles 



to the direction of application of force. Start the 
machine and observe by means of an autographic 
recording device the load necessary to slip the seam or 
rupture the specimen. The rate of extension of specimen 
between the jaws shall be 100 percent/min. If a 
specimen slips between the jaws, breaks or tears in a 
direction other than parallel to the seam or if for any 
reason due to faulty technique an individual 
measurement falls 20 percent below the median test 
results for the sample unit, discard and test another 
specimen. 

E-4 CALCULATION AND RESULTS 

The seam strength of the specimen shall be calculated 
from breaking load, in kg. The mean value to be 
reported. 



ANNEX F 
[Table I, SI No. (xiii)] 

DETERMINATION OF RESISTANCE TO SOIL BURIAL 



F-1 Prepare a composite soil for the specimen burial 
according to usual green house practice and having 
apH of 6.5 to 7.5. Maintaining the moisture content 
of the soil between 25 percent to 30 percent on an 
even dry basis. Perform the test with soil containers 
stored in a room maintained between 32°C to 38°C. 
Check the microbiological activity of the soil 
frequently by burying specimen for 1 to 2 week 
period. Satisfactory activity is indicated by tensile 



strength losses above 70 percent in 1 week and above 
90 percent in 2 weeks. 

F-2 Perform the soil burial test by preparing six test 
specimen three in machine and three in cross machine 
direction and burning them vertically to the depth of 
about 500 mm in soil that is rich in cellulose — 
destroying microorganism. At the end of 30 days 
determine the tensile strength and ultimate elongation 
in accordance with Annex B of IS 2076. 



ANNEX G 
[Table I, SI No. (xiw)] 

DETERMINATION OF WATER EXTRACTION 



G-1 TEST SPECIMEN 

Test pieces measuring 50 mm x 50 mm shall be cut 
from roll. 

G-2 PROCEDURE 

The test piece shall be immersed completely in distilled 
water for 24 h at room temperature. Immediately after 
removal from water, the surfaces of the test piece shall 
be wiped dry with filter paper and re-weighed. 



G-3 CALCULATION 



Water extraction = 



M, 



xlOO 



M[ = mass of the test piece before immersion, in 

g; and 
Mj = mass of the test piece after immersion, in g. 

G-4 REPORT 

The average of the three specimen tested shall be 
reported. 
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ANNEX H 
(Foreword) 
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{; 



Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600113 f 2254 1216, 2254 1442 

\ 2254 2519, 2254 2315 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) f 2832 9295, 2832 7858 

MUMB AI 400093 \_ 2832 789 1 , 2832 7892 

Branches: AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. DEHRADUN. 
FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW 
NAGPUR. PARWANOO. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. 
VISAKHAPATNAM. 
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